t 



1 



10/522016 

DT15Kec'dPCT/PTO 2 1 JAN 2005 



ADHESIVE COMPOSITION 




FLEXIBLE PACKAGING COMPOSITE FILM 



Technical Field 

The present invention relates to adhesive composition or 
more particularly to adhesive composition suitably used for 
producing a flexible packaging composite f ilmused for packaging 
materials, such as food products, beverages, medical products, 
and quasi-drugs/ or electronic components such as a hard disc, 
and to a flexible packaging composite film adhesively bonded 
by the same adhesive composition. 
Background Art 

At present, composite films, which are produced by 
laminating films, such as a plastic film, a metal foil such as 
an aluminum foil, a metal deposited film, and a silica deposited 
film, by use of adhesive, are being widely used as flexible 
packaging material used for packaging materials in various 
industrial fields, including food products, beverages, medical 
products, and quasi-drugs, or electronic components including, 
for example, a hard disc. 

Two-part reaction ester urethane adhesives which are used 
by combination of polyisocyanate and polyester polyol are being 
used most as the adhesive used for producing these composite 
films, because of their excellent adhesion properties. 

In recent years, the studies on the material that may be 



eluted from the composite film into its contents have been 
advanced, indicating the possibility that a 
low-molecular-weight compound may be eluted from the adhesive 
into the contents to cause partial spoilage of inherent 
5 properties or performances of the contents, such as an odor and 
a taste of the food or the beverage, or the inherent performances 
of the electronic components, though the cause and effect 
relationship has not yet been clarified. 

For example JP Laid-open (Unexamined) Patent Publications 
10 No. 2001-107016 andNo. 2001-107017 proposed a laminate adhesive 
comprisingpolyesterpolyurethanepolyol, wherein concentration 
of a cyclic ester compound or a cyclic urethane compound in 
extracted water, which is extracted from the composite film 
bonded by the laminate adhesive by using water of 0.5mL/cm 2 per 
15 unit area of the composite film is 0 . 5ppb or less in terms of 
dibutyl phthalate concentration measured with a gas 
chromatograph-flame ionization detector so that the 
low-molecular-weight compound that may be eluted into the 
contents of the composite film can be reduced to prevent the 
20 inherent properties or performances of the contents from being 
spoiled . 

The laminate adhesive proposed by JP Laid-open (Unexamined) 
Patent Publications No. 2001-107016 andNo . 2001-107017 includes 
a dimer acid as composition of polyester polyol and, accordingly, 
25 it provides good water resistance, but disadvantageously 
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decreases in oil resistance . It also decreases in concentration 
of an ester group and thus decreases in cohesion. Due to this, 
when this laminate adhesive is applied to the composite film 
for packing an oily f oodproduct , such as a retort food, requiring 
5 heat sterilization treatment, it disadvantageous^ reduces in 
strength of the composite film significantly after 

heat-sterilized. 

It may be conceivable that for example an amide bond is 
introduced in polyester polyol to improve the cohesion. However, 
10 when the amide bond derived from aromatic or aliphatic bibasic 
acid used as a common ester material is introduced therein, 
flexibility of the adhesive required for the production of the 
flexible packaging composite film is spoiled and peel strength 
of the same is reduced disadvantageously . 
15 Disclosure of the Invention 

It is the object of the present invention to provide adhesive 
composition that can produce a reduced amount of 
low-molecular-weight compounds eluted into contents of a 
composite film to prevent spoilage of inherent properties or 
20 performances of the contents, canproduce improvedoil resistance 
to prevent significant reduction of strength even when used for 
oily contents, and can develop favorable flexibility of the 
composite film to prevent reduction of peel strength, and a 

-i4-~ -Film arihesivelv bonded by using 
flexible packaging composite film adnesiveiy u 

25 the same adhesive composition. 



The present invention provides adhesive composition 
comprising a poiyisocyanate component and a polyol component, 
u hereinthepolyolcomponentincludespolyesterpolyamidepolyol 

and/or polyurethane polyester polyamide polyol including an 
5 amidebondproducedbyreactionbetweenadimeracidandpolyamine, 

and wherein concentration of a cyclic compound containing the 
amide bond and/or an ester bond in extracted water which is 
extracted from a composite film adhesively bondedby the adhesive 
composition by water of 0.5mh/cm* per unit area of the composite 
10 film is 0 . 5 P pb or less in terms of dibutyl phthalate concentration 
measured with a ,as chromatograph-f lame ionization detector. 

in the present invention, it is preferable that the polyester 
polyamide polyol and/or the polyurethane polyester polyamide 
polyol includes the ester bond produced by reaction between a 

r^-i/or- alkvlester thereof and polyol and that 
15 polybasic acid and/or alkyiestex 

4-4~ .nhacir acid and/or the dimer 
the polybasic acid is an aromatic dibasic acia a 

acid. 

in the present invention, it is preferable that 10- 9 0mol* 
o£ a carboxyl group of the dimer acid forming the amide bond 
20 reacts with an amino group of the polyamine. 

in the present invention, it is preferable that the adhesive 
composition further comprises a silane coupling agent. 

. . . r: . v.. nrpc; p n t invention can be 
The adhesive composition of the present in 

, . . _ of a flexible packaging composite 
suitably used for production of a f lexiDie p 

25 film. 
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Rls o, the P-sent invention covers a flexible packaging 
composite film adhesively bonded by the above-said adhesive 
composition . 

According to the adhesive composition of the present 
5 invention, elution of a cyclic compound from a composite film 
adhesively bonded by the adhesive composition into the contents 
of the composite film which is causedby the adhesive composition 
is extremely reduced, as compared with conventional ester 
urethane adhesive. Hence, when a food product or beverage rs 
10 paced in the composite film, the inherent properties, such as 
th eodorandtaste,ofthefoodproductorbeveragecanbeprevented 

fr om being spoiled. Also, when an electronic component, such 
as a hard disc, which is subjected to loss by contaminating wrth 
even an extremely small amount of foreign objects, is pacxed 
15 in the film, the inherent performances of the electronic 
component can be prevented from being spoiled. Accordingly, 
th eadhesivecompositionofthepresentinventioncanbe suitably 

used as the adhesive for use in producing the flexible packaging 

■ f » films used for a variety of industrial products 
composite films useu 

20 including those products. 

Mso, the adhesive composition of the present invention 
can provide good oil resistance. Hence, even when the adhesive 
composition of the present invention is used for the composite 
f ilm for packaging an oily food product, such as a retort food, 
25 quiring heat sterilisation treatment, it can prevent 
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significant reduction of the strength of the composite film after 
heat-sterilized and can keep its adhesive strength in the good 
condition . 

Besides, since the adhesive composition of the present 
5 invention can well develop flexibility of the adhesive required 
for the production of the flexible packaging composite film, 
it can prevent reduction of the peeling strength of the composite 
film. 

Hence, the flexible packaging composite film of the present 
10 invention adhesively bonded by the adhesive composition of the 
present invention can be effectively used as the composite film 
for using a flexible packaging material that canprevent spoilage 
of the inherent properties or performances of the packed contents , 
can minimize significant reduction of the strength after 
15 heat-sterilized, and can minimize reduction of the peeling 
strength . 

Best Mode for Carrying out the Invention 

An adhesive composition of the present invention comprises 
a polyisocyanate component and a polyol component. 

in the present invention, polyisocyanate commonly used for 
the production of polyurethane is used as the polyisocyanate 
component of the present invention. For example, 

polyisocyanate monomers, derivatives thereof, etc. may be used 
as the polyisocyanate component of the present invention. 

The polyisocyanate monomers which may be used include, for 
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example, aliphatic diisocyanate such as hexamethylene 
diisocyanate, alicyclic diisocyanate such as 

3-isocyanatomethyl-3, 5, 5-trimethylcyclohexyl isocyanate, 
dicyclohexylmethane-4, 4' -diisocyanate, 1,3- or 1, 4-bis 
5 (isocyanatomethyl) cyclohexane or mixtures thereof, aromatic 
aliphatic diisocyanate such as 1 , 3- or 1 , 4-xylylene diisocyanate 
or mixtures thereof, 1,3- or 1, 4-bis ( 1-isocyanato-l-methyl 
ethyl) benzene or mixtures thereof, and aromatic diisocyanate 
such as 2,4- or 2, 6-trilenediisocyanate or mixtures thereof, 
10 and diphenylmethane diisocyanate. 

The derivatives of the polyisocyanate monomers which may 
be used include, for example, polymers of polyisocyanate, such 
as dimers or trimers of polyisocyanate monomers, modified 
polyisocyanates, such as modified biurets, modified 
15 allophanates, and modified oxadiazinetrions obtained by 
reaction of the polyisocyanate monomers with water, polyol, and 
carbon dioxide gas, and polyol adducts and/or polyamine adducts 
obtained by reaction of the polyisocyanate monomers with polyol 
and/or polyamine as mentioned later. 
20 These polyisocyanate components may be used singly or in 

combination of two or more. Preferably, the derivatives of 
polyisocyanate monomers are used. Specifically, those having 
an unreacted monomer content of 1% or less are preferably used, 
in the present invention, the polyol components include 
25 polyester polyamide polyol including an amide bond obtained by 
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the reaction between a dimer acid and polyamine, and/cr 
polyurethane polyester polyamide polyol including an amide bond 
obtained by the reaction between a dimer acid and polyamine 
The polyester polyamide polyols include a polyester unit 

5 and a polyamide unit. 

The polyester unit is a unit including an ester bond, which 
is formed by the reaction between polybasic acid and/or 
alkylester thereof, and polyol. 

No particular limitation is imposed on the polybasic acid 
M and/or alkylester thereof. For example, phthalic acid (e.g. 
orthophthalic acid, isophthalic acid, and terephthalic acid, 
and/or alkylester thereof, naphthalenedicarboxylic acid (e.g. 
2,6-naphthalenedicarboxylic acid, and/or alkylester thereof, 
and dimer acid are preferably used. 
15 The use of aromatic dibasic acids including, for example, 

phthalic acid and/or alkylester thereof, and 
naphthalenedicarboxylic acid and/or alkylester thereof can 
provide improved heat resistance. 

These polybasic acids and/or the alkylesters thereof may 
20 be used singly or in combination of two or more. 

Alkyl ester of polybasic acid having 1-4 carbons, or 
preferably, methyl ester of polybasic acid or ethyl ester of 
polybasic acid, is used as the alkyl ester of polybasic acid. 
The dimer acid canbe used without any particular limitation, 
25 as long as it is available as an industrial row material. For 
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example, the dimer acids that may be used include the one 
comprising a dimer unsaturated fatty acid having 18 carbons as 
its major component, the one further comprising a monomer acid 
and a trimer acid, and furthermore hydrogenating materials 
5 thereof. 

The polyols that may preferably be used include glycols, 
such as ethylene glycol, diethylene glycol, propylene glycol, 
1,3-butanediol, 1 , 4-butanediol , 2-methyl-l , 3-propanediol, 
neopentyl glycol, 1, 6-hexandiol, 1, 7-heptanediol, 

. , cyclohexanedimethanol, 
10 1, 9-nonanediol, 

3-methyl-l, 5-pentanediol , 3, 3' -dimethylolheptane, and 
2-methyl-l, 8-octanediol, triols, such as glycerine and 
trimethylolpropane, and dimethylol alkanoic acids, such as 
dimethylol propionic acid and dimethylol butanoic acid. These 
15 polyols may be used singly or in combination of two or more. 

in the polyester unit formed by the reaction between the 
polybasic acid and/or alkyl ester thereof and the polyol. glycol 
including no ether linkage in the principal chain and having 
6-7 carbons in the principal chain, or preferably 1, 6-hexandiol, 
20 is used together with phthalic acid and/or alkyl ester thereof, 
or preferably isophthalic acid and/or alkyl ester thereof . This 
canmake it hard for the cyclic ester compound having two molecules 
of the isophthalic acid and two molecules of the 1, 6-hexandiol, 
which is produced by the reaction between the isophthalic acid 
25 and the 1, 6-hexandiol, to elute through the film, so that the 
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f o.erties or performances of the packaged contents 
inherent properties or f« 

a re maintained in good condition. It is to be noted that the 
prin ci P al chain o £ glycol means a molecular chain sandwiched 
be tween two hydroxyl groups, and the carbon number o £ the 

molecular chain. 

Fo r example, when the isophthalic acid and/or .1*1 ester 

number of the ptincipai chain o f 5 or less, there is a possibility 
10 that a cyclic ester compound having two molecules of the 
is ophthalic acid and two molecules o £ the glycol may be produced 
and the cyclic eater compound produced may be eluted through 
the £il m. «hen the isophthalic acid and/or alKyl ester thereof 
is/a re allowed to react with the glycol having the carbon nu^er 
15 of the principal chain of 8 or more, there is a possibility that 
. cyclic ester compound having one molecule of the isophthalrc 
ac id and one molecule of the glycol may be produced and the cyclic 
ester compound produced may be eluted through the frlm. 

A1 so, when naphthalene dicarboxylic acid and/or alxyl ester 
20 thereof are used, a cyclic ester compound from naphthalene 
di carboxylic acid and glycol, which is produced by the reaction 
„ naphthalene dicarboxylic acid and glycol, is prevented 

properties or performances of the packed contents are 
25 maintained in good condition. 
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(r om dimer acid ana ,lycol, which is produced by the reaction 
b etween dimer acid and ,lycol. i- Prevented fro, bein, eluted 
thr ou g h tne film, so that the inherent properties or 
5 of the packed contents are maintained in g ood condition. 

in the present invention, it is preferable that the polyester 
unit inpolyester polyamide polyol includes the ester bond forced 
by the reaction between phthalic acid and/or alKyl ester thereof 
a „o g lycol includin, no ether lin*a g e in the principal Cham 
10 and havin. 6-7 carbons in the principal chain, the ester bond 
t ormed by the reaction between naphthalene dicarboxylic acid 
and /or .11,1 ester thereof and glycol, and the ester bond formed 
by th e reaction between dimer acid and glycol as the principal 
ester bond. 

Th e polyamide unit is a unit including an amide bond. In 
the present invention, the polyamide unit includes the amide 
b ond formed by the reaction between dimer acid and polyamine 
as an essential component and is formed by the reaction between 
polybasic acid and polyamine. 

xnclusion of this polyamide unit in the polyol components 
can produce improved cohesion of the adhesive composition and 
thU s can prevent significant reduction of the stren.th of the 
composite film after heat-sterilized. 

Th e same polybasic acids ss those mentioned above may be 
25 used as the polybasic acid, and the dimer acid is used as the 
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essential component. 

No particular limitation is imposed on the polyamine used. 
The polyamines that may be used include, for example, aliphatic 
diamines, such as ethylene diamine, propylene diamine, and 
5 hexamethylene diamine, alicyclic diamines, such as isophorone 
diamine, dicyclohexylmethane-4 , 4 ' -diamine, and 1,3- or 
l,4-bis-(aminomethyl) cyclohexane or mixture thereof , aromatic 
aliphatic diamines, such as 1,3- or 1 , 4-xylylenediamine or 
mixture thereof, and 1,3- 

10 i,4-bis-(l-amino-l-methylethyl)benzene or mixture thereof, 
aromatic diamines , such as 2 , 4- or 2 , 6-tolylenediamine or mixture 
thereof, and diphenylmethane diamine, and polyf unctional 
polyamines having at least three amino groups, such as diethylene 
triamine, triethylene tetramine, tetraethylene pentamine, 
15 pentaethylene hexane, and 2 , 2 ' -diaminodiethylamine . 
Practically, polyamines with boiling points of 180°C or more 
are used. These polyamines may be used singly or in combination 
of two or more. Aliphatic diamines and alicyclic diamines are 
preferably used. 

20 When the dimer acid is used in the polyamide unit formed 

by the reaction between the polybasic acid and the polyamine, 
the cyclic amide compound from dimer acid and diamine, which 
is produced by the reaction between dimer acid and diamine, is 
prevented f rombeing eluted through the film, so that the inherent 
25 properties or performances of the packaged contents are 
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maintained in good condition. In addition, the composite film 
can be made to develop good flexibility to prevent reduction 

in peel strength. 

Accordingly, in the present invention, it is preferable 
that the polyamide unit in the polyester polyamide polyol 
includes the amide bond formed by the reaction between dimer 
acid and aliphatic diamine and/or the amide bond formed by the 
reaction between dimer acid and alicyclic diamine as the 

principal amide bond. 

It is preferable that 10-90mol% of a carboxyl group of the 
dimer acid reacts with an amino group of the polyamine. 

in the present invention, the polyester polyamide polyol 
can be synthesized by a known method without any particular 
limitation, as long as it includes the polyester unit mentioned 
above and the polyamide unit mentioned above. 

For example, this polyester polyamide polyol can be produced 
by allowing polybasic acid and/or alkylester thereof, polyol, 
and polyamine to react with each other at 160-250°C in an inert 
gas atmosphere. 

in this process, the polybasic acid (except the dimer acid) 
and/or alkylester thereof, polyol, and polyamine are allowed 
to react with each other, first . If necessary, water or alcohol 
produced is distilled of f . Thereafter, the dimer acid is added 
to a reaction system including the polybasic acid (except the 
5 dimer acid) and/or alkylester thereof, the polyol, and the 
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polyamine and further is allowed to react therewith at 160-250^C 
in the inert gas atmosphere to produce the polyester polyene 
polyol. 

The polyester polyamide polyol can also be produced by other 
5 methods. For example, the polybasic acid (except the dimer acid, 
and/or alxylester thereof, and polyol are allowed to react with 
each other at 160-2S0^C in the inert gas atmosphere to synthesize 
polyester polyol, first. If necessary, water or alcohol 
produced is distilled off. Thereafter, the dimer acid and the 
M polyamine are added to the polyester polyol synthesized (or in 
process of synthesization, and further is allowed to react 
therewith at 160-25CC in the inert gas atmosphere to produce 
the polyester polyamide polyol. 

Alternatively, the dimer acid and the polyamine are allowed 
15 to react with each other at 160-250t; in the inert gas atmosphere 
to synthesize a polyamide polycarboxylic acid having a carboxyl 
gro u P at the molecular terminal, first. Also, the polybasic 
acid and the polyol are allowed to react with each other at 
16 0-250<C in the inert gas atmosphere to synthesize polyester 
20 polyol having a hydroxyl group at the molecular terminal, 
separately. If necessary, water or alcohol produced is 
distilled off. Thereafter, the polyamide polycarboxylic acid 
synthesized (or in process of synthesization, is blended in the 
polyester polyol synthesized (or in process of synthesization) 
25 and further is allowed to react therewith at 160-2S0T, in the 
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inert gas atmosphere to produoe the polyester polyamide polyol . 

in any of the methods described above, the polybasic acid 
and/or alkylester thereof, polyol, and polyamine can be mixed 
in a selective proportion such that the polyester polyamide 
5 polyol finally obtained can substantially have a hydroxyl group 
at the molecular terminal- 

Further, in the present invention, the hydroxyl group at 
the molecular terminal of the polyester polyamide polyol thus 
obtained can be allowed to react with polybasic anhydride, to 
10 subject themolecular terminal to the acidmodif ication reaction. 
The acid modification reaction can be carried out by a known 
method using poiybasic anhydride, such as trimellitic acid 
anhydride, pyromellitic anhydride, phthalic anhydride, and 

maleic anhydride. 
15 in the present invention, as long as the polyester polyamide 

polyol thus obtained is included as raw material, the polyester 
polyamidepolyolmaybeusedasitisormaybeusedaspolyurethane 

polyester polyamide polyol by sub j ecting the polyester polyamide 
polyol to the chain extension reaction with polyisocyanate . 
20 Further, it may be used as a high-molecular-weight polyester 
polyamide polyol by subjecting the polyester polyamine polyol 
to the condensation reaction. When the polyester polyamide 
polyol is subjected to the chain extension reaction or the 
condensation reaction so that it can be polymerized, the adhesive 
25 composition obtained can develop desired properties. When the 
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polyester polyamide polyol is used as the polyol component as 
it is, it has preferably the number average molecular weight 
of e.g. 500 to less than 3,000. 

When the polyester polyamide polyol is subjected to the 
5 chain extension reaction with the polyisocyanate , the polyester 
polyamide polyol, and the polyisocyanate may be subjected to 
the urethane reaction by a Known method at an equivalent ratio 
(NCO/OH) of an isocyanate group of the polyisocyanate to a 
hydroxyl group of the polyester polyamide polyol of less than 
10 1, or preferably in the range of 0.5-0.95. No particular 
limitation is imposedon the chain extension reaction. The chain 
extension reaction may be produced using the polyisocyanate 
recited above, or preferably aliphatic diisocyanate and 

alicyclic diisocyanate. 
,5 The polyurethane polyester polyamide polyol thus produced 

has preferably the number average molecular weight of about 1 , 000 
to about 100,000, or further preferably about 5,000 to about 
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in this chain extension reaction, the polyol mentioned above 
20 as well as the polyester polyamide polyol mentioned above may 
be reacted with the polyisocyanate. In this reaction as well, 
it is preferable that they are allowed to react with each other 
at an eguivalent ratio (NCO/OH) of an isocyanate group of the 
polyisocyanate to a hydroxyl group of the polyester polyol and 
25 polyol of less than 1, or preferably in the range of 0.5-0.95. 
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When the polyester polyamide polyol is subjected to the 
chain extension reaction, it is preferable that unreacted glycol 
in the polyester polyamide polyol is not more than 0.1 weight%. 
When the unreacted glycol in the polyester polyamide polyol is 
in excess of 0.1 weight%, there is the possibility that when 
the polyester polyamide polyol and polyisocyanate are allowed 
to react with each other, they may react with the unreacted glycol 
to thereby produce a cyclic urethane compound, depending on the 
kinds of polyisocyanate, and the cyclic urethane compound may 
be eluted through the film. The content of the unreacted glycol 
in the polyester polyamide polyol can be measured by gas 
chromatography (flame ionization detector), for example. A 
known process of removing the unreacted glycol, such as, for 
example, removing the unreacted glycol in reduced pressure, may 
be used to adjust the unreacted glycol in the polyester polyamide 
polyol to be 0.1 weight% or less. 

When the polyester polyamide polyol is subjected to the 
condensation reaction, the polyester polyamide polyol produced 
by the method mentioned above may be condensed, for example, 

at 160-250°C under reduced pressure. 

The high-molecular-weight polyester polyamide polyol thus 
produced has preferably the number average molecular weight of 
about 3, 000 to about 100, 000, or further preferably about 5, 000 

to about 20, 000. 

' The adhesive composition of the present invention can be 
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obtained by mixing the polyisocyanate component mentioned above 
with the polyol component including polyester polyamide polyol 
(including polyurethane polyester polyamide polyol including 
polyester polyamide polyol as raw material, and/or 
5 high-molecular-weight polyester polyamide polyol). 

Preferably, the mixing ratio of polyisocyanate component 
with the polyol component is in the range of between not less 
than 0.4 and not more than 10.0, or preferably between not less 
than 0.5 and not more than 5.0, in the equivalent ratio (NCO/OH) 
10 of an isocyanate group of the polyisocyanate component to a 
hydroxyl group of the polyol component. 

Further, the adhesive composition of the present invention 
may be mixed with a silane coupling agent. 

The silane coupling agents that may be used include any 
15 compounds having structural formula of R-SiX 3 or R-Si<R')X, 
(wherein R represents an organic group having a vinyl group, 
an epoxy group, an amino group, an imino group, an isocyanate 
group or a mercapto group; R' represents a lower alkyl group; 
and X represents a methoxy group or an ethoxy group, or a chlorine 
20 atom). For example, chlorosilanes , such as 

vinyltrichlorosilane, aminosilanes, such as 

N-p- (aminoethyl) -y-aminopropyltrimethoxysilane, 
Y-aminopropyltriethoxysilane, 

N-0- (aminoethyl) -v-pro P ylmethyl dimethoxysilane, 
25 n- (dimethoxymethylsilylpropyl) ethylenediamine, 
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n- (triethoxysilylpropyl) ethylenediamine, and 
N-phenyl-Y-aminopropyltrimethoxysilane, epoxysilanes , suchas 
Y-glycidoxypropyltrimethoxysilane, 
Y-glycidoxypropyltriethoxysilane, 
5 (J- (3, 4-epoxycyclohexyl) ethyltriiuethoxy silane, and 

d i (Y -glycidoxypropyl)dimethoxysilane, vinyl silanes, such as 
vinyltriethoxysilane, and isocyanate silanes, such as 
3-isocyanatepropyltrimethoxysilane, * nd 
isocyanatepropyltriethoxysilane can be cited as the silane 
10 coupling agent. These silane coupling agents may be used singly 

or in combination of two or more. 

Further, an additive for use in providing adhesion 
properties, such as a phosphorous oxygen acid or derivative 
thereof, and a known catalyst for adjusting the curing reaction 
15 may be mixed in the adhesive composition of the present invention 
within the range that the performance of the adhesive composition 
of the present invention is not inhibited. 

The adhesive composition of the present invention thus 
produced can mainly be used as a binder and an adhesive for use 
20 in adhesive bonding. Particularly, the adhesive composition 
of the present invention can be preferably used as a laminate 
adhesive for use inproducing a composite film for using a flexible 
packaging material by lamination. 

The composite film can be produced, for example, by the 
25 following lamination processes. That is to say, 
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polyisocyanate component and a polyol component are diluted with 
organic solvent, such as ethyl acetate, and then mixed for 
preparation of the adhesive composition of thepresent invention. 
Thereafter, the adhesive composition thus prepared is coated 
5 over surfaces of the respective films, by use of a solvent type 
laminator. After the solvent is vaporized, the adhering 
surfaces of the respective films are bonded together and then 
cured under room temperature or warmed temperature for the curing . 
Or, in the case where the mixing viscosity of a polyisocyanate 
10 component and a polyol component is about 100 to about 10, OOOmPa- 
s, orpreferablyaboutl00toabout 5,000mPa-s, in the temperature 
range between room temperature and 100°C, for example the 
polyisocyanate component and the polyol component are mixed as 
they are, for preparation of the adhesive composition of the 
15 present invention. Then, the adhesive composition thus 
prepared is coated over the surfaces of the respective films 
b y use of a solvent-free type laminator to bond the adhering 
surfaces of the films together. Thereafter, the adhering 
surfaces are cured under room temperature or warmed temperature 
20 for the curing of the adhesive composition. It is preferable 
that the spread of the adhesive composition of the solvent type 
is usually in the range of about 2 . 0 to about 5.0g/m 2 after 
vaporization of the solvent, and the spread of the adhesive 
composition of the solvent-free type is usually in the range 
25 of about 1 . 0 to about 3.0g/m 2 . 
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Examples of the films to be laminated include plastic films 
of e.g. polyethylene terephthalate, nylon, polyethylene, 
polypropylene, and polyvinyl chloride, metal foils of e.g. 
aluminum, metal deposited films, silica deposited films, and 
5 metallic films of e.g. stainless steel, iron, copper, and lead. 
Take the plastic films for instance, they preferably have 

thickness of 5-200um. 

The adhesive composition of the present invention is formed 
so that concentration of a cyclic compound, formed by the amide 
10 bond and/or the ester bond, in extracted water which is extracted 
from the thus laminated composite film by water of 0.5mL/cm 2 
per unit area of the composite film, (i.e., at least any of a 
cyclic amide compound, a cyclic ester compound, and a cyclic 
amide-ester compound) is 0 . 5 PP b or less in terms of dibutyl 
15 phthalate concentration measured with the gas 
chromatograph-flame ionization detector. With the 0 . 5 PP b or 
less concentration, the elution of the cyclic compound into the 
contents of the composite film which is caused by the adhesive 
composition is extremely reduced, as compared with the 
20 conventional ester urethane adhesive. 

The concentration of the cyclic compound formed by the amide 
bond and/or the ester bond canbemeasuredby the f ollowingmethod, 
for example. A bag is made from the composite film produced 
by lamination of films in the manner described above, and then 
25 ion-exchange distilled water is filled in the bag as the contents 
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by the amount of 0.5mL/cm' per unit area of the composite film. 
After the bag is steriiized by heated water under pressure, the 
contained water is extracted by a known method, such as a 
liq uid-solid extraction or a liquid-liquid extraction, for 
5 re coveringsubstantiallyallcycliccom P oundsformedbytheamide 

bond and/or the ester bond. Then, sampies are drawn from the 
extracts and are measured by the gas chromatography (flame 

ionization detector) . 

The quantity can be measured as a value to be converted 
10 to dibutyl phthalate concentration with the flame ionization 
detector of the gas chromatograph, using dibutyl phthalate as 
reference material. For example, if the concentration of the 
cyclic compound formed by the amide bond and/or the ester bond 
of O.Sppb or less in terms of dibutyl phthalate concentration 
U can be measured by detecting the presence of the cyclic compound 
f ormedby the amide bond and/or the ester bond, then the detection 
limit of the concentration of the cyclic compound formed by the 
amide bond and/or the ester bond in the extracted water can be 
supposed to be O.Sppb in terms of dibutyl phthalate 

20 concentration. 

According to the adhesive composition of the present 
invention, since the concentration of the cyclic compound formed 
by the amide bond and/or the eater bond thus measured is 0 . 5 PP b 
or less, the elution of the cyclic compound into the contents 
25 of the composite film which is causedby the adhesive composition 
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is extremely reduced, as compared with the conventional ester 
nrethane adhesive. Hence, when a food product or beverage is 
paced in the composite film, the inherent properties, such as 
the odor and taste, of the f oodproduct or beverage canbeprevented 
5 from being spoiled. Also, when an electronic component, such 
as a hard disc, which is subjected to loss by contaminating with 
even an extremely small amount of foreign objects, is packed 
in the film, the inherent performances of the electronic 
component can be prevented from being spoiled. Thus, the 
10 adhesive composition of the present invention can be suitably 
used as the adhesive for use in producing the flexible packaging 

^ f^-r * variety of industrial products 
composite films used for a variety 

including those products. 

Also, due to the dimer acid contained in the polyester 
15 polyamide polyol, the adhesive composition of the present 
invention provides good water resistance, while on the other 
hand, it provides reduced oil resistance and reduced 
concentration of the ester group. However, due to the amide 
group contained therein, the adhesive composition of the present 
20 invention can provide improved cohesion, and as such can allow 
impr oved oil resistance. Hence, even when the adhesive 
composition of the present invention is used for the composite 
film for packaging an oily food product, such as a retort food, 
requiring the heat sterilization treatment, it can prevent 
25 significant reductionof the strength of the composite filmafter 
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heat-sterilized and can keep its adhesive strength in the good 
condition . 

Besides, since the adhesive composition of the present 
invention can weil develop the flexibility of the adhesive 
5 required for the production of the flexible packaging composite 
film, it can prevent reduction of the peeling strength of the 

composite film. 

Hence, the flexible packaging composite film of the present 
invention adhesively bonded by the adhesive composition of the 
10 present invention can be effectively used as the composite film 
for using a flexible packaging material that can prevent spoilage 
of the inherent properties or performances of the packed contents , 
can minimize significant reduction of the strength after 
heat-sterilized, and can minimize reduction of the peeling 

15 strength. 
Examples 

While the present invention will be described in further 
detail with reference to the following examples and comparative 
examples, the present invention is not limited thereto. It 
20 should be noted that the terms, "parts" and presented in 

the examples and the comparative examples are all on a weight 
basis, unless otherwise specified therein. 

Production Example 1 (Production of polyester polyamide polyol 



25 



A) 

, j ->q c. n 0 f isophoronediamine 

316. 9g of dimer acid and 29.bg or 
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(equivalent to 30 mol% of carboxylic acid group) were added and 
then subjected to amidization reaction at 180-220°C in a stream 
of nitrogen to thereby produce polyamidecarboxylic acid A. The 
acid value of the polyamidepolycarboxylic acid A produced was 

5 l25.5mgKOH/g. 

Then, 367.9gof isophthalic acid, 404 . 9g of 1, 6-hexanediol, 
and O.lg of zinc acetate were added and then subjected to 
esterification reaction at 180-220°C in a stream of nitrogen, 
separately. After a prescribed amount of water was distilled, 

10 340 . 2g of polyamide polycarboxylic acid A synthesized separately 
was added thereto and then subjected to esterification reaction 
at 180-220°C in a stream of nitrogen until the acid value of 
the same reduces to 1 or less to thereby produce polyester 
polyamide polyol A. The acid value of the polyester polyamide 

15 polyol A produced was 0 . 4mgKOH/g and the hydroxyl value of the 
same was 7 5.7mgKOH/g. 

Production Example 2 (Production of polyester polyamide polyol 



B) 



367. 9g of isophthalic acid, 404. 9g of 1, 6-hexanediol, and 
20 O.lg of zinc acetate were added and then subjected to 
esterification reaction at 180-220°C in a stream of nitrogen. 
After a prescribed amount of water was distilled, 316 . 9g of dimer 
acid, and 29 . 5g of isophoronediamine were added thereto and then 
subjected to amidization reaction and esterification reaction 
25 at 180-220°C in a stream of nitrogen until the acid value of 
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the same reduces to 1 or less to thereby produce polyester 
polyamide polyol B. The acid value of the polyester polyamide 
polyol B produced was 0.7mgKOH/g and the hydroxy! value of the 
same was 7 5.4mgKOH/g. 
5 Production Example 3 (Production of polyester polyamide polyol 

C) 

367.9gof isophthalic acid, 404 . 9g of 1, 6-hexanediol, 29. 5g 
of isophoronediamine, and O.lg of zinc acetate were added and 
then subjected to esterif ication reaction and amidization 
10 r eactionatl80-220°Cinastreamofnitrogen. After aprescribed 
amount of water was distilled, 316. 9g of dimer acid was added 
thereto and then subjected to amidization reaction and 
esterif ication reaction atl80-220°C in a stream of nitrogen 
until the acid value of the same reduces to 1 or less to thereby 
15 produce polyester polyamide polyol C. The acid value of the 
polyester polyamide polyol C produced was 0.9mgKOH/g and the 
hydroxy 1 value of the same was 7 5.0mgKOH/g. 
Production Example 4 (Production of polyester polyol A) 

371. 5g of isophthalic acid, 413. 2g of 1 , 6-hexanediol, and 
20 O.lg of zinc acetate were added and then subjected to 
esterif ication reaction at 180-220°C in a stream of nitrogen. 
After a prescribed amount of water was distilled, 320 . Og of dimer 
acid was added thereto and then subjected to esterif ication 
reaction at 180-220°C in a stream of nitrogen until the acid 
25 value of the same reduces to 1 or less to thereby produce polyester 
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polyol A. The acid value of the polyester polyol A Produced 
was 0 . 5mgK0H/g and the hydroxyl value of the sa.. was 75 . 6mgK0H/g . 
Production Example 5 (Production of polyol component A, 

400g of polyester polyamide polyol A and 71.1, of 
rsophoronediisocyanate were added and then subjected to chain 
extension reaction at 100-UO-C in an atmosphere of nitrogen 
to thereby produce polyurethane polyester polyene polyol A. 
After the reaction, ethyl acetate was added thereto to thereby 
produce a polyol component A in solution of a solid content of 



10 50%. 



Production Example 6 (Production of polyol component B, 

400g of polyester polyamide polyol B and 71. Ig of 
isophoronediisocyanate were added and then subjected to chain 
extension reaction at 100-110*0 in an atmosphere of nitrogen 
15 to thereby produce polyurethane polyester polyamide polyol B. 
A£ ter the reaction, ethyl acetate was added thereto to thereby 
produce a polyol component B in solution of a solid content of 

Production Example 7 (Production of polyol component C, 
20 400g of polyester polyamide polyol C and 71. Ig of 

rsophoronediisocyanate were added and then subjected to chain 
extension reaction at 100-110-C in an atmosphere of nitrogen 
to thereby produce polyurethane polyester polyamide polyol C. 
Mter the reaction, ethyl acetate was added thereto to thereby 
25 produce a polyol component C in solution of a solid content of 
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50%. 



10 



Production Example 8 (Production of polyol component D) 

400g of polyester polyol A and 71.19 °< 
isophoronediisocyanate were added and then subjected to chain 
extension reaction at 100-110-C in an atmosphere of nitrogen 
to thereby produce polyurethane polyester polyol A. After the 
reaction, ethyl acetate was added thereto to thereby produce 
a polyol component D in solution of a solid content of 50%. 
Production Example 9 (Production of polyol component E) 

120 .3, of 2, 6-naphthalene dicarboxylic acid dimethylester, 
29. Og of ethylene glycol, 48.7g of neopentyl glycol, 23.7, of 
propylene glycol, and 0 . Olg of titanium tetrabutoxide were added 
end then subjected to ester exchange reaction at 180-220-C in 
a stream of nitrogen. After a prescribed amount of methanol 
IB was distilled, 281.9, of dimer acid and 51 . Og of 
isophoronediamine were added thereto and then subjected to 
amidization reaction and esterif ication reaction at 180-220«C 
until the acid value of the same reduces to 1 or less. After 
a prescribed amount of water was distilled, the interior of a 
20 system was gradually depressurized, so that the resultant 
reactionproduct was condensed at 220»C for 4 hours under pressure 
o, 13 . 3Pa or less, to obtain high-molecular-weight of polyester 
polyamide polyol A. The total amount of the polyester polyamide 
polyol thus obtained was dissolved in ethyl acetate to produce 
25 a polyol component E in solution of a solid content of 50%. 
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Production Example 10 (Production of polyol component F) 

120 . 3g of 2, 6-naphthalene dicarboxylic acid dimethylester , 
29. 0g of ethylene glycol, 48. 7g of neopentyl glycol, 23. 7g of 
propylene glycol, 51. Og of isophoronediamine, and O.Olg of 
5 titanium tetrabutoxide were added and then subjected to ester 
exchange reaction at 180-220°C in a stream of nitrogen. After 
a prescribed amount of methanol was distilled, 281. 9g of dimer 
acidwas added thereto and then subjected to amidization reaction 
and esterification reaction at 180-220°C until the acid value 
10 of the same reduces to 1 or less. After a prescribed amount 
of water was distilled, the interior of a system was gradually 
depressurized, so that the resultant reaction product was 
condensed at 220°C for 4 hours under pressure of 13.3Pa or less, 
to obtain high-molecular-weight of polyester polyamide polyol 
15 B. The total amount of the polyester polyamide polyol thus 
obtained was dissolved in ethyl acetate to produce a polyol 
component F in solution of a solid content of 50%. 
Production Example 11 (Production of polyol component G) 

128 . Og of 2 , 6-naphthalene dicarboxylic acid dimethylester, 
20 30. 3g of ethylene glycol, 50. 8g of neopentyl glycol, 49. 5g of 
propylene glycol , and 0 . Olg of titanium tetrabutoxide were added 
and then subjected to ester exchange reaction at 180-220°C in 
a stream of nitrogen. After a prescribed amount of methanol 
was distilled, 300. Og of dimer acid was added thereto and then 
25 subjected to esterification reaction at 180-220°C until the acid 
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val ue of the same reduces to 1 or less . After a prescribed amount 
of water was distilled, the interior of a system was gradually 
depressurized, so that the resultant reaction product was 
condensed at 220°C for 4 hours under pressure of 13 . 3Pa or less, 
5 to obtain high-molecular-weight of polyester polyamide polyol 
c The total amount of the polyester polyamide polyol thus 
obtained was dissolved in ethyl acetate to produce a polyol 
component G in solution of a solid content of 50%. 
Production Example 12 (Production of polyol component H, 
10 400g of polyester polyamide polyol B, 4 . 4g of dimethylol 

. , an d 54. 6g ° f 

butanoic acia, 

subjected to chain extension reaction at UO-120'C in an 
atmosphere of nitrogen to thereby produce polyurethane polyester 
„ polyamide polyol D. After the reaction, ethyl acetate was added 

thereto to thereby produce a polyol component H in solution of 

a solid content of 50%. 

Production Example 13 (Production of polyol component I) 

After polyester polyamide polyol B was subjected to wiped 
20 film evaporation, 71 . Ig of isophoronediisocyanate was added to 
400gof polyesterpolyamidepolyolB' withl, 6-hexanediol monomer 
of 0.1weight% or iess and then subjected to chain extension 
reaction at 100-110-C in an atmosphere of nitrogen to thereby 
produce polyurethane polyester polyamide polyol E. After the 
25 reaction, ethyl acetate was added thereto to thereby produce 
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a polyol component I in solution of a solid content of 50%. 
Production Example 14 (Production of polyisocyanate component 

A) 

50g of TAKENATE A-10 ( trimethylolpropane adduct of 
5 xylylenediisocyanate, available from Mitsui Takeda Chemicals, 
inc. and 50g of TAKENATE A-40 (trimethylolpropane adduct of 
isophoronediisocyanate available fromMitsui Takeda Chemicals , 
inc • ) were uniformly mixed at 50°C in an atmosphere of nitrogen, 
to obtain polyisocyanate component A. 

<= a «rt Fvaluation of Examples and Comparative 
10 Preparation of and Evaluation 

Examples 

The polyol components A-I thus obtained, the isocyanate 
component A and the silane coupling agents 
(Y -glycidoxy P ropyltrimethoxy S ilane available from Shin-Etsu 
15 Chemical Co., Ltd., were mixed as shown in TABLE 1 to prepare 
the adhesive compositions of Examples 1-9 and the adhesive 
compositions of Comparative Examples 1 and 2 . subsequently, 
compositefilmswereproducedbythemethodmentionedlaterusing 

the adhesive compositions of the respective Examples and 
20 comparative Examples. Thereafter, elusion tests and retorting 
tests of the respective composite films were conducted. The 
results are shown in TABLE 2. 
Production of Composite Film 

Four-layerd composite films, each comprising a polyethylene 
25 terephthalate film (12um thick) /a nylon film (15pm thick) /an 
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aluminumfoil (9um thick) /anunextendedpolypropylene film (70um 
thick: one side of which was corona-treated) , were produced by 
the method mentioned below. 

That is to say, the adhesive composition of the respective 
examples and comparative examples shown in TABLE 1 was coated 
over one side of the polyethylene terephthalate film with a dry 
laminator so that weight of the adhesive composition per unit 
area can become 2 . 5g/m 2 by a sold content, first. Then, after 
the solvent was vaporized, the coated side of the polyethylene 
terephthalate film was bonded to the nylon film. Subsequently, 
the adhesive was coated over the other side of the nylon film 
of the two-layerd composite film in the same manner as the above. 
After the solvent was vaporized, the coated other side of the 
nylon film was bonded to one side of the aluminum foil. 
Subsequently, the adhesive was coated over the other side of 
the aluminum foil of the three-layerd composite film in the same 
manner as the above . After the solvent was vaporized, the coated 
other side of the aluminum foil was bonded to corona-treated 
one side of the unextended polypropylene film. Thereafter, the 
films thus bonded were cured at 50°C for three days, for the 
curing of the adhesive composition. 
Elusion Test 

Abag was made from each of the composite films thus produced 
and then ion-exchange distilled water was filled in the bag as 
the contents by the amount of 0.5mL/cm 2 per unit area of the 
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interior surface of the bag. After the bag was sterilized by 
heated water at 120°C for 30 minutes under the pressure of 19 . 6xl0 4 
Pa, the contained water was extracted in the solid phase modified 
with an octadecyl group. Then, samples were drawn from the 
extracts which were dissolved in methanol of one hundredth of 
the quantity of original water. The samples were measured by 
the gas chromatograph (flame ionization detector) and observed 
on the presence of the cyclic amide compound, cyclic ester 
compound, and cyclic amide-ester compound. When the eluting 
material was observed, the structure of the eluting material 
was specified with a gas chromatograph mass spectrograph. The 
detection limit of the gas chromatograph (flame ionization 
detector) for the methanol solution of dibutyl phthalate was 
50 ppb which was equivalent to 0 . 5ppb in terms of the concentration 
of each of the cyclic amide compound, the cyclic ester compound 
and the cyclic amide-ester compound in the extracted water in 
the elution test. 
Retorting Test 

Abag was made from the composite f ilmproduced in the manner 
mentioned above and was packed with the mixture of vinegar, 
ketchup, and a salad oil with 1:1:1 weight ratio. After the 
bag was sterilized by heated water at 120°C for 30 minutes under 
the pressure of 19.6xl0 4 Pa, the state of peeling between the 
nylonfilmandthealuminumfoilwasobserved. Then, thecontents 
were taken out and the peel strength between the aluminum foil 
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and the unextended polypropylene film was measured. The peel 
strength was measured before and after the sterilization of the 
retort. 
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TABLE 2 



Examples & 
Comparative 
Examples 


Presence 
of 
cyclic 
compound 


Nylon film/ 
aluminum 
foil 


Aluminum foil /unextended 
polypropylene film 


State of | 
peeling 


Peel strength 
before retort 
sterilization 
(N/15mm) \ 


Peel strength 
after retort 
sterilization 
(N/15mm) 


Example 1 


Nil 


Non-peeling 


8.5 


10.0 


Example 2 


Nil 


Non-peeling 


7.5 


9.0 


Example 3 


Nil 


Partial 
peeling 


7.0 


8.0 


Example 4 


Nil 


Non-peeling 


4.0 


7.0 
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Example 5 


Nil 


Non-peeling 


6.5 


9.0 


Example 6 


Nil 


Partial 
peeling 


6.0 


7.5 


Example 7 


Nil 


Non-peeling 


4.0 


6.0 


Example 8 


Nil 


Non-peeling 


b . o 


8 . 0 


Example 9 


Nil 


Non-peeling 


7.0 


8.5 


Comparative 
Example 1 


Nil 


Partial 
peeling 


7.5 


2.5 


Comparative 
Example 2 


Nil 


Partial 
peeling 


6.0 


1.0 



While the illustrative examples of the present invention 
are provided in the description above, such is for illustrative 
purpose only and it is not to be construed restrictively . 
Modification and variation of the present invention that will 
be obvious to those skilled in the art is to be covered in the 
following claims. 
Industrial Applicability 

The adhesive composition of the present invention can 
provide the result that when a food product or beverage is packed 
in the composite film, its inherent odor and taste can be prevented 
from being spoiled. Also, when an electronic component, such 
as a hard disc, which is subjected to loss by contaminating with 
even an extremely small amount of foreign objects, is packed 
i in the film, the inherent performances of the electronic 
component can be prevented from being spoiled. Accordingly, 
the adhesive composition of the present invention canbe suitably 
used as the adhesive for use in producing the flexible packaging 
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composite films used for a variety of industrial products 
including those products. 

Also, the adhesive composition of the present invention 
can provide good oil resistance. Accordingly, the adhesive 
composition of the present invention can be suitably used as 
the adhesive for use in producing the composite films for packing 
an oily food product, such as a retort food, requiring the heat 
sterilization treatment. 

Hence, the flexible packaging composite film of the present 
invention adhesively bonded by the adhesive composition of the 
present invention can be effectively used as the flexible 
packaging composite film that can prevent spoilage of the 
inherent properties or performances of the packed contents, can 
minimize significant reduction of the strength after 
heat-sterilized, and can minimize reduction of the peeling 
strength . 



